Abstract

This paper reports the results of a second full-scale wind
tunnel test of helicopter individual blade control (IBC)
system to improve rotor performance, to reduce blade vortex
interaction (BVI) noise, and to alleviate helicopter
vibrations. In addition, discussions of the biade and control
system loads and IBC hydraulic power requirements are also
presented. For this test, the pitch links of the rotor were
replaced by servo-actuators to enable, the pitch of each blade
to be controlled independently of the other blades. The IBC
servo-actuators and control system were designed and
manufactured by ZF Lufifahrttechnik, GmbH, The wind
tunnel test was conducted in the 40- by 80-Foot Wind
Tunnel at the NASA Ames Research Center using a BO 105
helicopter rotor. The acquired data set includes data on rotor
performance, the static and dynamic hub forces and
moments, rotor loads, control system loads, inboard and
outboard blade pitch motion, and BVI noise. The data
indicated that reductions in BVI noise of up to 12 db and
reductions in the dominant 4/rev hub loads could be obtained
simultaneously using multi-harmonic IBC input. The data
also showed that performance improvements of up to 7
percent could be obtained at high-speed forward flighe
conditions using 2/rev IBC inputs.

The IBC test program was an international collaborative
effort between NASA, the U.S. Army AFDD, ZF
Luftfahrttechnik, Eurocopter Deutschiand, and the DLR
Institute of Flight Mechanics and was conducted under the
auspices of the U.S./German Memorandum of Understanding
on Helicopter Aeromechanics.
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SECOND TEST OF A HELICOPTER INDIVIDUAL BLADE CONTROL SYSTEM IN THE
NASA AMES 40- BY 80-FOOT WIND TUNNEL

Notation
blade voriex interaction
rotor thrust coefficient
equivalent airframe drag area, ft2
individual blade conirol
number of blades
IBC input harmonic number
"a" cycles per rotor revolution
rotor shaft torque, ft-1bs
NASA/U.S. Army Rotor Test Apparatus
dynamic pressare
rotor radius, 16.1 ft
revolution speed, 44 4 rad/sec
rotor azimuth angle, deg
shaft angle, deg
advance ratio
pitch of ith blade

rotor solidity, 0.07
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Test Hardware and Instrumentation

rhe IBC tests were performed in the NASA Ames 40- by
80-Foot Wind Tunnel. The test section of this closed-circuit
.wind tunnel is treated with sound absorptive material to
allow near-anechoic aconstic measurements down to 500 Hz.
: Airspeeds of up to 300 kis may be achieved.

r the IBC testing, a four-bladed, hingeless, BO 103 rotor

“was mounted to the NASA/U.S. Army Rotor Test

pparatus (Fig. 1). This rotor had a radius of 16.1 ft, a
ear blade twist of 8 deg, a solidity of 0.07, and NACA
493012 airfoils. The rotor blades, pitch horns, and hub were
% glandard BO 105 helicopter flight hardware owned by NASA.
¢ IBC actuators replaced the normal BO 105 rotor system
pitch links, as shown in Fig. 2. References 21-23 provide a
full discussion of the IBC servo-mechanism arrangement, the
IBC actuator characteristics, the automatic emergency
: shutdown features used to maintain system safety, and the
computer system used to conirol the IBC actuators. These
references also explain in detail how the RTA was modified
“for the IBC test to permit the transfer of hydraulic fluid to
the IBC actuators in the rotating system.

Table 1 presents a list of the instrumentation placed on the
rotor blades, control system, and test stand. Strain gages
were used to measure loads on the blades and control system.
‘The IBC motion at the blade tip was calculated from
~ miniature accelerometers located at the blade tip and oriented
to measure rotation (Ref. 23). Miniature surface-mounted
pressure transducers were used to detect the presence of blade-
vortex interactions at four leading edge blade locations.

The RTA static/dynamic rotor balance was nsed to measure
the rotor thrust, side force, drag force, pitching moment and
rolling moment, These forces and moments were

. transformed into forces and moments in the hub plane. Both

averaged and time-history loads were measured. The time
history data provided information on the vibratory hub loads.

Figure 1. Installation of the RTA and BO 105 rotor in the
NASA Ames 40- by 80-Foot Wind Tunnel.

Figure 2. Rotor hub showing placement of IBC actuators.

The rotor shaft flex-coupling was instrumented for shaft
torque and the rotor shaft was instrumented with strain gages
to measure the mast bending moment.

The displacements and forces of both the stationary
swashplate control actuators and the rotating IBC actuators
were measured. Each IBC actuator had two LVDTs to
provide a dnal position measurement. Loads on the control
system were evaluated by measuring the axial forces (or
pitch link loads) developed in each of the four IBC actuators
and each of the three control rods which controlled the

Table 1. Instrumentation.

Measurement Location and Number

Rotor Blade: Location, in (R=193.2 in)

Blade Flap Bending 20, 110 in

Blade Chord Bending 28,110 in

Blade Torsion Moment 65, 77, 110, 155 in
Blade Pressures 116, 135, 155, 174 in
Blade Accelerometers 58, 97, 135 in (flapwise)
Blade Tip Accelerometers Leading & trailing edges

Rotor Balance: Lift, side, and drag forces

Pitch and roll moments

Rotor Mast:
Flex-coupling
Rotor Shaft

Shaft torque
Shaft bending moment

Conirol System:
IBC Actuator Position
IBC Acwator Forces

Swashplate Position

8 (2 per acmator)

4 (1 per acmator)

3 (1 per control rod)
3

Swashplate Link Force
Rotating Scissors 2
Stationary Scissors 1
Blade Pitch Transducers 4 (1 per blade)
Microphones:
Stationary 3, retreating side
Traverse 4, advancing side
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